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A VERIFICATION STUDY OF THREE AMES RESEARCH CENTER
PITOT-STATIC PROBES IN THE ROCKWELI INTERNATIONAL
NAAL LOW-SPEED WIND TUNNEL (0A236)

by
Je G. LeFevre

ABSTRACT

This report presents calibration data for five pitot-static probes
and two static pressure probes. The pitot-static probes tested were:

l. The NAAL calibration standard single pitot-
static probe.

2. The Ames Research Center calibration standard
pitot-static probe, Number 10,

3. Two Ames Research Center tumnel calibration
probes, Numbers 3 and L,

b, 0.36-scale, 92AF system Rosemount model,
flight test, air data probe.

The static pressure probes tested were:
1. A Rosemount static pressure probe.
2. A RAAL special static pressure probe.

The NAAL calibration standard probe and the Ames Research Center
(ARC) celibration standard probe were tested on their regular supports.
The Rosemount probe, the SSV 0.36-scale pitot-static probe, and the NAAL
special static pressure probe were tested only on the tunnel centerline
boom. The ARC tumnel calibration probes were tested on the tunmel

centerline boom, on a streamlined, floor.to-ceiling support and a
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ABSTRACT (Concluded)

customized floor mount made of streamlined aircraft tubing, built for use
at the Ames Research Center's 40 x 80-foot tunmel.

The primary purpose for the test was to verify the calibration data
obtained using the Ames Research Center probes. All data obtained from
the various probes tested were compared to the Rosemount probe data.

The tests were conducted in the Rockwell Internationel NAAL low-
speed T7.75 x 1l-foot wind tunnel during the time period from Msy 27, 1976

to June 2, 1976. There were 36.3 hours charged for the tests.
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MNFMONIC

NOMENCLATURE

DEFINITION

cross section area in test section, 85.25 ft.2

cross section area in the 27-foot section of the
tunnel, 637 f£t.2

M2 Mt
compressibility factor, 1 + T + o + oo

q, ratio for any runm,
q, (P27 - P12)
(P27 - Pm)m

YoRzp
Mach number
barometric pressure, inches of Hg, or psf

correct ambient static pressure measured with the
aft orifices on the Rosemount static pressure
probe, psf

static pressure, psf

static pressure coefficient, differential pressure
between the static pressure measured with the
probe on the tunnel centerline and the tumnel
freestream static pressure divided by freestream
dynamic pressure

pressure differential between the static pressure
measured with probe B on the tunnel centerline
and the static pressure measured with the NAAL
calibration standard probe located 2 feet south
of the tunnel centerline, psf

total pressure, psf

impact pressure measured by probe B, psf
pressure differential between the total pressures
measured on probe B located on the tunnel center-

line and the NAAL calibration standard probe
located 2 feet south of the tunnel centerline, psf



NOMENCIATURE (Continued)

PLOT

SYMBOL MNEMONIC DEFINITION

P

_'I?:PEQ total pressure coefficient, differential between

9o the total pressure measured with the pitot probe

on the tunnel centerline and freestream tunnel
total pressure divided by tunnel test section
dynamic pressure

(Ppp1-Pgpy ) impact pressure measured by the NAAL calibration
standard pitot-static probe, psf

Pi2 pressure measured by the static ring at the 12-
foot section of the tunnel, psf

(P12-PAmM) pressure differential between P12 and atmospheric,
psf ’

(P12-Poy ) pressure differential between P15 and the static
pressure measured with the Rosemount probe,
Run 12, psf

(P12-PgB) pressure differential between P12 and the static
pressure measured with the probe on the tunnel
centerline, psf

P
2.1_2_’._5.31. differential pressure between tumnel static
%% pressure at the 12-foot section and the static

pressure measured with the NAAL calibration
standard probe, psf

Por pressure measured by the static ring at the 27-
foot section of the tunnel, psf

(P27-P12) pressure differential between P27 and P12, psf

(P27-PaAmM) pressure differential between Po7 and atmospheric,
psf

q dynamic pressure indicated by probe, psf

9 correct dynamic pressure, psf

Q27 average dynamic pressure calculated at the 27-

foot section of the tunnel, psf




PLOT
SYMBOL MNEMONIC

NOMENCIATURE (Concluded)

DEFINITION

R/FT, RN/L

o
WSET
SUBSCRIPTS

>

o

27

Reynolds number
tunnel total temperature, °R

setting for the tunnel "q" balance

Rosemount probe identification

subscript designation for probes other than the
Rosemount probe

subscript designates data measured with the
NAAL calibration standard pitot-static probe

indicates the tunnel conditions measured when the
Rosemount probe was first installed alone on the
tunnel centerline boom

static conditions

total conditions except when used in "Ap" vhere
"Ap" is the test section cross-sectional area

pertaining to the 12-foot section in the wind
tunnel circuit, forward of the test section

pertaining to the 27-foot section in the wind

tunnel circuit, (the settling chamber)



REMARKS

This test was run as a verification study of three Ames Research
Center pitot-static probes in the Rockwell International NAAL low-speed
wind tunnel. The static pressures measured with these probes in addition
to the static pressures measured with three other probes tested were all
compared to the static pressures measured with the aft static pressure
ring on the Rosemount static pressure probe. The Rosemount static
pressure probe was considered to be the reference standard for all static
pressures measured.

The data show that the static pressures measured with the Ames
tunnel calibration probe number 4 when mounted on the tunnel cemterline
boom; and the static pressures measured with the NAAL calibration
standard pitot-static probe, with no instrument correction; and the NAAL
special static probe,all compare very closely to the static pressures
measured with the aft set of orifices on the Rosemount static pressure
probe.

The data also show that there is a very noticeable influence on the
static pressure readings due to the size, shape and proximity of the
support to the static pressure orifices on the static pressure probe.

The Ames tunnel calibration probe number 4, when mounted on the Ames
£loor mount, (see Figures 2b and 3g) gave a static pressure coefficient
reading that was high by about +.01, when compared to the Rosemount
static probe. When the same probe was mounted on the streamlined air-

craft tubing, supported at the floor and éeiling,'(séeifigﬁfe‘Bh) the




REMARKS (Concluded)

static pressure coefficients were high by about .005.

Near the end of the test it was discovered that there was a very
slight leak in the static pressure ring at the 12-foot section of the
wind tunnel. In reviewing the data, before and after the leak was cor-
rected, the following conclusions were made:

1. The leak in the static pressure ring was fairly constant
during the test from Run 1 to Run 17.

2, The leak varied as a function of tunnel dynamic pressure.
3. Because the final data were incremental and were presented
in coefficient form, the test results can still be considered
valid.
The most significant conclusion obtained from this study is that: The
size, shape and proximity of a support for a static pressure probe can

have an adverse influence on the static pressure readings obtained with

that probe.



CONFIGURATIONS INVESTIGATED

Seven individual probes of various designs were used in this test.
Five probes were pitot-static probes and two were for measuring static
pressures only.

The probes tested were:

1. The NAAL calibration standard pitot-static probe,
(See Figures 2a, 2f, 3a, 3b, 3c, 3f and 3i).

2. The Ames Research Center calibration standard
pitot-static probe Number 10, (See Figures 2g,
3d and 3e).

3, The Ames Research Center tunnel calibration
pitot-static probe Number 3, (See Figures 2h,
3a and 3g).

k, The Ames Research Center tunnel calibration
probe Number 4, (See Figures 2b, 2h and 3g).

5, fThe Rosemount static pressure probe, (See
Figures 2e, 2i, 3b and 3e).

6. The 0.36-scale 92 AF system Rosemount model
£1ight test air data probe, (See Figures 2j and
3f).

7. The NAAL special static pressure probe, (See
Flgures 2e, 2k and 3g).

The NAAL standard calibration pitot-static probe and the ARC standard
calibration pitot-static probe were both supported from the floor of the
tunnel and adjusted so that the probes were at the vertical centerline of
the tunnel. These two probes were both tested on the tunnel spanvise
centerline. The NAAL calibration standard pitot-static probe was also

tested two feet south of the tunnel centerline.
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CONFIGURATION

0A236 CONFIGURATIONS TESTED

1

DESCRIPTION

NAAL Calibration Std. Pitot - static probe located
on the tunnel centerline, X = -48.8, with the sting
strut support in the tunnel.

Ames Research Center Tunnel Calibration Pitot -
Static Probe No. 4 on the tunnel centerline mounted
on the Ames floor support frame, X = -48.5, with
the sting strut support in the tummnel.

Ames Research Center Calibration Standard Pitot -
static probe No. 10 on the tunnel centerline,
X = -48.6, with the sting strut support in the tunnel.

NAAL Calibration Std. Pitot - static probe 2 ft,.
south of the tunnel centerline, X = -48.96, with the
sting strut support in the tunnel.

Rosemount Static Pressure Probe mounted on the tunnel
centerline boom, X = -48.80, and the NAAL Calibration
Std. Pitot - static probe 2 ft. south of tunnel cen-
terline, X = -48.96 with the sting strut support in
the tunnel.

Ames Research Center Tunnel Calibration Pitot - static
probe No. 3 mounted on the tunnel centerline boom and
the NAAL Calibration Std. Pitot. - static probe 2 ft.
south of tunnel centerline, with the sting strut
support in the tunnel.

Ames Research Center Tunnel Calibration Pitot - static
probe No. 4 mounted on the tunnel centerline boom and
the NAAL Calibration Std. Pitot - static probe 2 ft.
south of the tunnel centerline, with the sting strut
support in the tunnel.

NAAL Special Static Probe mounted on the tunnel cen-
terline boom (boom faired), X = -48.8, and the NAAL
Calibration Std. Pitot - static probe mounted 2 ft.
south of the tunnel centerline, with the sting strut
support in the tunnel.

11



0A236 CONFIGURATIONS TESTED {Concluded)

CONFIGURATION DESCRIPTION
9 NAAL Special Static Probe mounted on the tunnel

centerline boom, X = -48.8, and the NAAL Calibra-
tion Std. Pitot - static probe mounted 2 ft. south
of the tunnel centerline, with the sting strut -
support in the tunnel. (Same as Config. 8 but
without the fairings on the boom).

10 0.36 Scale SSV Flight Test Probe mounted on the
tunnel centerline boom, x = -48.9, and the NAAL
Calibration Std. Pitot - static probe 2 ft. south
of the tunnel centerline with the sting strut
support in the tunnel.

11 Rosemount Static Pressure Probe mounted on the
tunnel centerline boom, X = -48.9, with the sting
strut support in the tunnel.

12 Ames Research Center Tunnel Calibration Pitot -
static probe No. 4 mounted on the tunnel centerline
boom with the sting strut support in the tunnel.

13 Ames Research Center Tunnel Calibration Pitot -
static probe No. 4 mounted on a floor to ceiling
streamlined support, with the sting strut support
in the tunnel.

14 Same as Config. 3 except it has two sets of support-
ing guy wires on the probe to minimize vibration.

12




INSTRUMENTATION

Each pressure obtained for this test was measured with two individusl
differential transducers. The computed date from each palir wag averaged
and tabulated as noted in the Data Reduction section of this report.

The pressure ranges for the transducers used were as follows:

PRESSURE TRANSDUCER RANGE IN PSI
Po7 - Py 1.0

P27 - P12 1.0

Pp - Pg 1.0

P12 - PS Oo3 or 0025
PTB - PTBl 0.15
PSB - Psu 0.15

All pressure transducers were calibrated prior to the test.

13



TEST FACILITY DESCRIPTION

North American Aerodynamics Iaboratory (MAAL) T.75 x ll-foot wind
tunnel is a continuous-flow, closed-circuit, single-return tunnel capable
of speeds up to 200 miles per hour.

Te test section is vented to atmospheric pressure and is T.T5 x 11
feet wide and 12 feet long. Power is supplied by a 1250-horsepowver na-
celle-mounted synchronous motor driving a 19-foot, seven-blade, laminated
birch propeller. Airspeed is controlled by using a magnetic clutch to
vary the degree of coupling between the motor and propeller. Turbulence
is minimized by a damping screen and a honeycomb section in the settling
chamber upstream from the contraction cone (ratio 7.53 to 1).

Tests may be conducted using a variety of mounting systems: single
strut, double strut, sting strut, reflection plane, cable suspension, or
two-dimensional wall. Aerodynamic data may be measured by a planar type
external balance system or sting-mounted internal balances. An Astrodata
Automatic Data Acquisition System collects, multiplexes, digitizes, and
records on magnetic tape 50 channels of force or pressure data or both.
Date are then reduced and plotted using automatic data processing equip-
ment and an automatic digital plotter.

The NAAL wind tunnel has been operating since June 1943. Calibra-

tions are available over a wide range of test conditions.
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DATA REDUCTION

Each parameter recorded was measured with two pressure transducers.
Thirty samples of data were averaged for each data point and three date
points were taken at each of the four tunmnel "q" settings. The data
points were taken at about two-second intervals.

The static pressure data obtained with the Rosemount probe were used,
without corrections, as the reference for all other static pressure data.

The tunnel dynamic pressure for data taken with the Roseiount probe
was obtained by subtracting the Rosemount static pressure from the sum of
P27 and the calculated dynamic pressure in the 27-foot section of the
tunnel, All data were corrected for compressibility. The dynamic

pressure, s was used as a reference for the dynamic pressures

oprer
obtained with other probes being tested.

The following data reduction equations were used:

Yorzp = [(P12 - Pgp) + (P27 - P12) + q27] m%

_ (Pp7 - Pyp)
9% = (P27 -P12)REF xquEF

Pop-P, (P12 - Pgp)pme X K - (P1p - Pgp)
x K

° Yo

2

A ) ..
R <§> 0179 q_

Q27

(Pp - PS)B %, uncorrected for probe error

%

The reference run is the first run using the Rosemount probe.
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DATA REDUCTION (Concluded)

Average of each of three 30-sample data groups was computed for one
set of transducers in Data Selection 1, as well as the average of the
averages. The data for the second set of transducers are similarly reduced
in Data Selection 2. Data Selection 3 averages the data of Selections 1

and 2.
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TABLE T,

TEST ¢ 0A236  (NAAL 759) [DATE ¢ 5-27-76
TEST CONDITIONS
R
ACH NUMBER EYNOLDS NUMBER DYNAMIC PRESSURE  [STAGNATION TEMPERATURE
(pexr foot) (PSF) (OR) -
0.186 1.28 x 10° 53 533 —» 542
0.228 1.56 x 10° 79 535 — 5 Skl
0.2u6 1.68 x 10° 92 537 — 5U5
0.262 1,79 x 100 105 539 —» 5kT
BALANCE UTILIZED: _ O BALANCE WAS REQUIRED
CAPACITY: ACCURACY: COrRICIENT
NF —
SF —
AF =
PM —
RM —
YM —
COMMENTS:
-
17
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¢. Schematic of the Tremnsducer Hook-Up for the Tunnel Instrumentation
Used During the Pitot-Static Probe Calibration Test
Figure 2. Continued.
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d. Schematic of the Transducer Hook-Up with Two Pitot-
Static Probes Tested Simultaneously
Figure 2. Continued.
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Figure 2,

Continued.
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g. Ames Research Center Calibration Standard
Pitot=-Static Probe Number 10
Figure 2. Continued.
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Figure 2. Continued.
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Rosemount Static Pressure Probe
Figure 2. Continued.

32 : 1S
t;; POOR QUALITY




*pINUTIUOY  °Z aanTLg

3qoad ®38Q ITV 383L IUITLL TOPOW 3umowdsoy wegsAg Jye6 21895-9€°0 °f

S9YdU|L uy udALb aue suoLsuawig ||y :3j0N

S -

.-

WG hZD w3

-4
DML 4..«!.&&. v STNOVL O3S
Y

5> Noias
)

./

< \\.f\.l/

©

LT LIRS T2 TEY ST

=3 Y1Ig0Ly” - B!

WY\ R0

p

2\C BL- AN S

Nuoug e

AQOUd
B-9 NOOIS

~¥ WNOILY3g

/ABIAN LMo

'
'

-
5¥ _
Y10

W0, 910 Tyay .
¥ ™ VoA sANA2BO

1
i

| |

mv

P weeze . —_—
¢ T J _A,. . — ,‘— lllxallm_
Y * “t ﬂ .
_ b4 ; ~— __
A ‘UOH AN ZO! VACOW BOSNAS
S S B |
I S S
'\“..T.NNL hm.Ti <rQ U\J QnduJ S92 — 0t Ze 88—
z9" e T
eavz - e

33




N

2,40 ™
o5 —— r— 40—
.25 DA |
.25 0. ! A
| | T i
e > e ©
e A Y ! !
A_-O—-J

8 STAT\GC OR\EICE S
LOG (INCWES OVA.
EQUALLY SPARCED

. SECTION A-AQ P
ENLARGED To !
FULL S<AL &l

Note: A1l Dimensions are given in inches.

k. NAAL Special Static Pressure Probe ‘
Figure 2. Concluded.
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a. Three-Quarter Front View Showing the Ames Tunnel Calibration
Probe Number 3 on the Tunnel Centerline Boom and the NAAL Calibration Stand-
ard Pitot-Static Probe Installed Two Feet South of the Tunnel Centerline

|

NAAL T%9-2 5.28:76

b, Three-Quarter Front Closeup View of the Rosemount Static Probe on
the Tunnel Centerline Boom and the NAAL Calibration Standard
Probe Two Feet South of the Tunnel Centerline
Figure 3. Model photographs.
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c. Three-Quarter Front View of the Rosemount Static Probe Installed on
the Centerline Boom with the NAAL Calibration Standard Pitot-Static
Probe Installed Two Feet South of the Tunnel Centerline

d. The Ames Research Center Calibration Standard Pitot-Static Probe
Number 10, Installed on the Tunnel Centerline
Figure 3. Continued.
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e. Three-Quarter Front Closeup View of the Ames Calibration Standard Pitot-
Static Probe Number 10 Installed on the Tunnel Centerline Showing the Two Sets
of Supporting Guy Wires Used to Steady the Probe at High Tunnel Dynamic Pressures

f. Three-Quarter Front View of the 0.36-Scale SSV Flight Probe Mounted
on the Centerline Boom with the NAAL Calibration Standard Probe
Installed Two Feet South of the Tunnel Centerline
Figure 3. Continued.
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g€. Three-Quarter Front View of the Ames Tunnel Calibration Probe Number 3
or 4 Mounted in the Center of the Wind Tunnel on the
Ames Streamlined-Tube Floor Mount

B-ReT6

h. Three-Quarter Front View of One of the Ames Tunnel Calibration Pitot-
Static Probes on the Tunnel Centerline Mounted on a Streamlined
Aircraft Tube Supported at the Tunnel Floor and Ceiling
Figure 3. Continued.
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—4E5.9 © 5:28.76

Rear View of the Tunnel Test Section with the NAAL Calibration
Standard Pitot-Static Probe on the Tunnel Centerline

Figure 3. Concluded.
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APPENDIX
TABULATED SOURCE DATA

Tabulations of plotted data are available on request from Data Management
Services
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